Hermansky-Pudlak syndrome (HPS) is a rare autosomal recessive disorder characterized by oculocutaneous albinism and a lack of dense granules in platelets. HPS types 1 and 4 are associated with a granulomatous enterocolitis that is phenotypically indistinguishable from Crohn's disease. We present two cases of HPS-associated Crohn's disease phenotype in which the patients were refractory to standard medical management. The pathophysiology of HPS is mediated by single-gene defects that alter endosome trafficking, and we hypothesize that this mechanism leads to the observed association with a CD phenotype.
INTRODUCTION
Hermansky-Pudlak syndrome (HPS) is a genetic disorder of lysosome-related organelles characterized by oculocutaneous albinism and platelet dysfunction. HPS is associated with granulomatous enterocolitis that pathologically and phenotypically resembles Crohn's disease (CD). 1 The reason for this association is unknown, although the specific genetic defects that cause HPS have been characterized.
Eight weeks later, he presented with massive rectal hemorrhage and underwent an emergent total proctocolectomy. His colon specimen showed hemorrhagic mucosa and diffuse ulceration ( Figure 1 ). Histologic evaluation showed non-caseating granulomas (Figure 2 ).
Case 2:
A 25-year-old Puerto Rican male with HPS and CD phenotype with perianal disease presented with rectal pain, hematochezia, and urgency. He had been maintained on infliximab for 5 years, but then he developed breakthrough symptoms despite dose escalation. He eventually developed urgency and rectal bleeding that did not respond to infliximab therapy.
On physical exam he demonstrated oculocutaneous albinism, nontender abdomen, and painful anal fissures. Lab results showed hemoglobin 12.1 g/dL, CRP 38 mg/L, and albumin 4.3 g/dL. His infliximab level was 18 mg/mL (0.4 mg/mL indicates detection of infliximab), and his anti-infliximab antibodies level was 463 ng/mL (22 ng/mL indicates detection of antibodies to infliximab). Sigmoidoscopy showed severe, continuous inflammation of the rectosigmoid (Figure 3 ). Pathology demonstrated cryptitis with crypt abscesses, dense inflammation with loss of normal architecture, ulcerations, and melanosis coli (Figure 4 ).
He was changed to adalimumab and azathioprine but did not have any response. Adalimumab was discontinued, and he started tacrolimus. He had clinical response with normalization of his CRP to <3 mg/L but developed rising creatinine. He continued azathioprine and started vedolizumab. On follow-up at 12 weeks, he had improved urgency and occasional blood in his stool, but his CRP was elevated to 19 mg/L.
DISCUSSION
Originally described in 1959 by Drs. Hermansky and Pudlak, HPS is now known to be a rare autosomal recessive disease of lysosome-related organelles. 2 There are several subtypes, but all share oculocutaneous albinism and platelet dysfunction. 1 Different subtypes have associated conditions and differ in the affected gene. 3 HPS type 1 is the most common subtype and is associated with Puerto Rican heritage due to a founder mutation in this population. HPS types 1 and 4 are associated with granulomatous enterocolitis that is phenotypically similar to CD. 1,4,5 A case series of 4 patients reported that 3 of 4 patients had perianal disease, all were treated with infliximab, and 2 of 4 patients had complete response to infliximab at 6 weeks. 6 Similar to the patient in Case 1, two of their patients underwent colectomy, one of which was due to severe acute rectal hemorrhage. In a case series of 8 HPS patients with colitis seen on colonoscopy, 1 patient showed perianal disease and 2 patients were treated with infliximab. 1 The patients apparently responded well, but the duration of follow-up on infliximab was not reported. Both of our patients were previously on infliximab, but the patient in Case 2 lost response while the patient in Case 1 did not respond on re-exposure to infliximab.
It is not clear from the known pathophysiology of HPS whether conventional therapy for CD is as effective in HPSassociated enterocolitis as in CD. Therapeutic agents that target tumor necrosis factor a (TNFa) and cell adhesion molecules are not likely targeting the specific defect and may be overwhelmed by proinflammatory conditions. This may explain the difficulty of achieving and maintaining response to conventional therapies in HPS-associated enterocolitis. In Case 2, the treating gastroenterologist had significant experience using calcineurin inhibitors to induce remission as an alternative, steroid-sparing strategy given the patient's poor response to an anti-TNFa strategy. Because of these poor responses to treatment, some clinicians argue for aggressive surgical management of HPS-associated CD-like colitis and perianal disease.
Prior case reports have focused on the presence of ceroid lipofuscin as a possible explanation for HPS-associated CD phenotype, but the precise mechanism remains unknown. We propose an alternative hypothesis based on recent advances in the understanding of the pathophysiology of both HPS and CD. HPS type 1 is a result of a mutation in Hps1, which encodes the HPS1 protein. Similarly, HPS type 4 is caused by a mutation in Hps4, which encodes the HPS4 protein. HPS1 and HPS4 form a protein complex called biogenesis of lysosomerelated organelles complex 3 (BLOC-3). 8, 9 BLOC-3 mediates endosome trafficking through effects on Rab GTP-ase proteins, in particular Rab32 and Rab38. 10 BLOC-3-mediated dysfunction of Rab32 and Rab38 underlies the phenotype of albinism and absent platelet dense granules in HPS. 10, 11 An absence of platelet dense bodies leads to fewer procoagulant small molecules expressed from platelets, but it is not clear whether the absence of these small molecules from platelets directly affects disease manifestations on the cellular level. Impaired coagulation likely increases disease severity and complicates colonic hemorrhages as seen in Case 1 and in prior case reports. In addition to its effect on phenotype, Rab32 is also thought to impart an antibacterial effect to gut epithelial lysosomes. In fact, Salmonella typhi secretes a protein that proteolytically targets Rab32, allowing it to survive within host macrophages. 12 Additional studies show a role for Rab32 in the cellular reaction to other intracellular pathogens, including Listeria monocytogenes and Mycobacterium leprae.
13
Impaired endosomal trafficking is also implicated in the pathogenesis of CD. Rab13 is an endosomal trafficking protein that is responsible for tight junction maintenance in gut epithelium and is abnormally localized in CD.
14 Additionally, the ATG16L1 gene is involved in autophagy and phagocytosis, and this has a functional effect on inflammation. CD patients with the risk allele ATG16L1-T300A had evidence of altered mucosal bacteria composition in inflamed tissue compared to the protective allele ATG16L1-T300. 15 There is currently no evidence to suggest that BLOC-3 interacts directly with Rab13 or ATG16L1; however, they underscore the importance of endosome trafficking in the pathophysiology of Crohn's disease. We speculate that the BLOC-3-mediated dysfunction of the Rab proteins propagates the mucosal inflammation indistinguishable from CD in HPS types 1 and 4.
We presented two cases of HPS associated with CD phenotype whose clinical courses and pathologic findings demonstrate the typical characteristics of these diseases. The involvement of endosome trafficking in both HPS and CD warrants further investigation. Defining this connection could help explain the pathogenesis of both diseases and elucidate possible therapeutic targets that may lead to novel drug therapies with distinct mechanism of action.
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